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DISPLAY DEVICE AND PROJECTOR 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a display device to irradiate illumination 
light emitted from a light source onto display elements, thereby displaying images, and to a 
projector to make illumination light that is modulated by a plurality of pixels incident on a 
projection lens of the display element and projecting images from the projection lens to a 
screen, thereby displaying the images. 

2. Description of Related Art 

[0002] In related art display devices, a technique is known wherein the image 
quality of dynamic images is enhanced by scanning a region onto which the illumination light 
is irradiated to a display device. 

[0003] In a related art display element, a structure is known wherein a region onto 
which illumination light is irradiated to a display element is scanned by intermittently turning 
on and off a plurality of light sources arranged on the rear face of the display element. See 
Japanese Unexamined Patent Application Publication No. 2000-275604. 

[0004] In another related art display device, a structure is known wherein an 
illuminated region is scanned to a display element by rotating a condensing barrel that has a 
slit for determining the direction in which light sources emit light. See Japanese Unexamined 
Patent Application Publication No. 2002-6766. 

SUMMARY OF THE INVENTION 

[0005] According to the structure of Japanese Unexamined Patent Application 
Publication No. 2000-275604, it is necessary to arrange a plurality of light sources in a plane 
and to intermittently turn the light sources on and off for uniform illumination. In particular, 
a light source for a projector requires high brightness. Therefore, a discharge lamp is 
generally used. However, it is difficult to apply the above technique to a display device that 
requires such a light source. Since light sources are turned off at times, images are displayed 
darker than they otherwise would be with consideration to the number of light sources. 

[0006] According to the structure of Japanese Unexamined Patent Application 
Publication No. 2002-6766, it is not necessary to instantaneously turn light sources on and off 
and to arrange several light sources in a plane for uniform illumination. However, since light 
diffused and emitted from the light sources to various directions is limited to one direction by 
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rotating a condensing barrel in which a slit is formed, it is difficult to correctly guide the light 
that does not directly pass through the slit to a display element and thereby to irradiate the 
light. Since a region to be illuminated is scanned by scanning a member for shielding light, it 
is difficult to enhance the utilization efficiency of light by the amount of light that reaches the 
member for shielding light. Furthermore, in the structure of Japanese Unexamined Patent 
Application Publication No. 2002-6766, the angle of illumination light incident on the display 
element varies according to the illuminated position in the display element. Therefore, it is 
not possible to scan the illumination light to the display element while maintaining a uniform 
incidence angle of illumination light. Since it is not possible to illuminate the entire region to 
be illuminated in the same state, it is difficult to display images with uniform image quality. 

[0007] Accordingly, the present invention provides a display device and a projector 
capable of enhancing the image quality of dynamic images, reducing limitations on light 
sources, enhancing the utilization efficiency of light, and displaying images in full color. 

[0008] A display device according to an aspect of the present invention includes: a 
light source to emit illumination light; a display element having a plurality of pixels to 
modulate the illumination light; an irradiation optical system to irradiate illumination light 
emitted from the light source onto some of the pixels; and an illumination light scanning 
device to scan the illumination light irradiated by the irradiation optical system. The 
irradiation optical system include an image forming device to condense the illumination light 
emitted by the light source to form an image and an image re-forming device to form the 
image formed by the image forming device on the display element. Illumination light 
irradiated onto the display element is irradiated onto the display element by at least the image 
forming device and the image re-forming device. 

[0009] According to such a structure, since the display device includes an 
irradiation optical system to irradiate illumination light onto some pixels of the display 
element and the illumination light scanning device to scan the illumination light irradiated by 
the irradiation optical system, illumination light is not instantaneously irradiated onto only 
some pixels of the display element by the irradiation optical system. However, the 
illumination light scanning device scans illumination light in a certain range of time. 
Therefore, it is possible to irradiate illumination light having a uniform illumination 
distribution onto all of the pixels of the display element. As a result, human eyes can sense 
the images displayed on the entire display element. 
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[0010] At this time, when attention is paid to some pixels, illumination light 
sometimes reaches the pixels and sometimes does not reach the pixels. Therefore, a 
phenomenon known as intermittent image display occurs. As a result, even when a hold type 
display element to display light having a brightness required to display an image on every 
pixel for a predetermined time or a time integration type display element to modulate 
illumination light irradiated for a predetermined time every time and displaying the 
illumination light on every pixel is used, it is possible to intermittently display images 
according to the structure of an aspect of the present invention. Therefore, it is possible to 
reduce the blurriness of dynamic images caused by the display element by simply displaying 
continuous images, and to enhance the quality of dynamic images. As a result, the present 
invention is useful in cases where dynamic images are to be displayed using as a display 
element a spatial light modulation element, such as a liquid crystal panel to modulate 
illumination light and thereby displaying images onto a display element. 

[0011] Since it is not necessary to intermittently turn light sources on and off and to 
arrange a plurality of light sources in a plane for uniform illumination, limitations on the light 
sources are small. Furthermore, the irradiation optical system includes an image forming 
device to condense illumination light emitted from the light sources, thereby forming an 
image, and image re-forming device to form the image formed by the image forming device 
on the display element. Illumination light irradiated onto the display element is irradiated by 
at least the image forming device and the image re-forming device. A surface on which the 
image formed by the image forming device is formed is a shared surface that forms an image 
formation region (a region in which a plurality of pixels capable of modulating illumination 
light are formed) of the display element. Therefore, it is also possible to form an image in a 
specific pixel by changing the shape or the magnitude of beams of illumination light emitted 
from the light sources, thereby forming an image by the image forming device, and by re- 
forming the image on the display element by the image re-formingdevice. 

[0012] In particular, since it is possible to effectively irradiate illumination light to a 
specific pixel without limiting the illumination light by the light-shielding member, etc., it is 
possible to use almost partial light from the light sources, with small loss of light. Also, since 
it is possible to relay light by the image re-forming device, it is possible to effectively 
transmit light even though the optical path of the optical system becomes longer. As a result, 
it is possible to obtain a display device with a high utilization efficiency of light. 
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[0013] Also, according to an aspect of the present invention, the illumination light 
is irradiated onto some pixels of the display element device so that an illuminated region and 
a non-illuminated region capable of enhancing the image quality of dynamic images by 
intermittent turning-on exists in the image formation region of the display element in a certain 
ratio. Therefore, when the illuminated region and the non-illuminated region capable of 
enhancing the image quality of dynamic images by the intermittent turning-on exist in the 
image formation region of the display element in a certain ratio, the shape of the image 
formation region illuminated by illumination light, or the distribution of the brightness of 
illumination light, is not limited. 

[0014] According to an aspect of the display device according to the present 
invention, the illumination light scanning device includes a rotating prism to change the 
refracting angle of the illumination light by the rotation thereof, thereby scanning the 
illumination light, and the position of an image formed by the image forming device is 
positioned inside or around the rotating prism. 

[0015] According to such a structure, the diameter of beams of illumination light is 
very small in the image forming position in order to condense illumination light emitted from 
the light sources and to form an image. Therefore, when an image formed by the image 
forming device exists inside or around a rotating prism, the rotating prism can effectively 
transmit light, although the rotating prism is unnecessarily large. Therefore, it is possible to 
design the rotating prism to be small by controlling the refractive index of the rotating prism 
and thereby to miniaturize and lighten the display device. Also, since the rotating prism 
changes the refracting angle of the illumination light, thereby scanning the illumination light 
while rotating, it is possible to scan the illumination light while shifting the optical axis 
thereof in parallel. Therefore, it is possible to scan the illumination light to the display 
element while making the incidence angle of the illumination light constant as compared with 
the illumination light scanning device to scan the illumination light by changing the angle of 
illumination light by reflection. As a result, it is possible to illuminate the entire region to be 
illuminated in the same state and thereby display images with uniform image quality. 

[0016] A projector according to an aspect of the present invention includes a 
projecting device to project images of the display element in the above-mentioned display 
device. 

[0017] According to such a structure, similar to the above-mentioned display 
device, it is possible to realize a projector capable of enhancing the image quality of dynamic 
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images, reducing limitations on the light sources, and enhancing the utilization efficiency of 
light. Furthermore, since it is possible to project the image of the display element by the 
projecting device, it is possible to realize a large screen image when an enlarged image is 
projected. 

[0018] According to an aspect of the projector of the present invention, illumination 
light is divided into two or more colored light components after passing through the 
illumination light scanning device. The image re-forming device is arranged in each colored 
light component and forms the image formed by the image forming device on the display 
element corresponding to each colored light component. 

[0019] According to such a structure, since illumination light is divided into a 
plurality of colored light components, it is possible to display images in full color, without 
color filters, when the respective colored light components are modulated, thereby forming 
image light by the display elements corresponding to the respective light components. Also, 
since the image re-forming devices are arranged to correspond to the respective colored light 
components, it is possible to correctly irradiate illumination light onto some pixels of the 
respective display elements when the image forming position is controlled by the image re- 
forming device, even though the distances from the light sources to the display elements 
corresponding to the respective colored light components are different from each other, 
thereby easily reducing the slowness of dynamic images. 

[0020] Even when the distances from the light sources to the display elements 
corresponding to the respective colored light components are the same, it is possible to 
correct the deviation in image forming states that vary depending on the wavelengths of the 
respective colored light components in each colored light component by the image re-forming 
device. Therefore, it is possible to correctly irradiate illumination light onto some pixels of 
the respective display elements, and thereby easily reduce the slowness of dynamic images. 
That is, it is not possible to reduce or prevent the slowness of dynamic images because 
intermittent display cannot be effectively performed when the positions of the respective 
display elements onto which the respective colored light components are irradiated or the 
movements of the colored light components are not uniform. 

[0021] However, it is possible to easily realize a structure capable of reducing or 
preventing the slowness of dynamic images by arranging the image re-forming device 
corresponding to the respective colored light components. Furthermore, since the 
illumination light is divided into two or more colored light components after passing through 
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the illumination light scanning it is possible to enhance the quality of dynamic images while 
displaying images in full color even if there is one illumination light scanning device. 

[0022] According to an aspect of the projector of the present invention, illumination 
light emitted from the light source is divided into two or more colored light components. The 
image re-forming device and the illumination light scanning device are arranged in each 
colored light component. The image re-forming device forms the image formed by the image 
forming device on the display element corresponding to each colored light component. The 
illumination light scanning device scans the illumination light divided into respective colored 
light components so that the projected positions of the images formed by the image re- 
forming device are almost the same when the images of the display elements corresponding to 
the respective colored light components are projected so as to be overlapped. 

[0023] According to such a structure, since illumination light can be divided into a 
plurality of colored light components, it is possible to display images in full color without 
color filters when the respective colored light components are modulated, thereby forming 
image light by the display elements corresponding to the respective colored light components. 
Also, since the image re-forming device corresponding to the respective colored light 
components are arranged, it is possible to correctly irradiate illumination light onto some 
pixels of the respective display elements when the image forming position is controlled by the 
image re-formingdevice, even though the distances from the light sources to the display 
elements corresponding to the respective colored light components are different from each 
other, and thereby easily reduce the slowness of dynamic images. 

[0024] Even when the distances from the light sources to the display elements 
corresponding to the respective colored light components are the same, it is possible to 
correct the deviation in image forming states that vary depending on the wavelengths of the 
respective colored light components in each colored light component by the image re-forming 
device. Therefore, it is possible to correctly irradiate illumination light onto some pixels of 
the respective display elements, and thereby easily reduce the slowness of dynamic images. It 
is not possible to prevent the slowness of dynamic images because intermittent display cannot 
be effectively performed when the positions of the respective display elements onto which the 
respective colored light components are irradiated or the movements of the colored light 
components are not uniform. However, it is possible to easily realize a structure capable of 
reducing the slowness of dynamic images by arranging the image re-forming device 
corresponding to the respective colored light components. Moreover, the illumination light 
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scanning device can intermittently display images in the respective colors to which the images 
of the display elements are repeatedly projected in order to scan the illumination light divided 
into respective colored light components, so that the projected positions of the images formed 
by the image re-forming device are uniform when the images of the display elements 
corresponding to the respective colored light components are repeatedly projected. Therefore, 
it is possible to reduce the slowness of dynamic images caused by the display element by 
simply displaying continuous images, and to obtain optimal images, without the flickering of 
colors in which colors are divided. 

[0025] Also, since the illumination light scanning devices are arranged in each 
colored light component, it is possible to optimize the position and the material of the 
illumination light scanning devices and the coating of the surface of the illumination light 
scanning devices in each colored light component, with consideration to the deviation in 
image forming states dependent on the wavelengths of the respective colored light 
components. Therefore, it is possible to more correctly irradiate illumination light onto some 
pixels of the respective display elements and thereby easily reduce the slowness of dynamic 
images. 

[0026] According to an aspect of the projector of the present invention, illumination 
light emitted from the light source is divided into two or more colored light components, the 
image re-forming device and the illumination light scanning device are arranged in each 
colored light component. At least one component of the colored light is divided into two or 
more colored light components after passing through the illumination light scanning device. 
The image re-forming device forms the image formed by the image forming device on the 
display element corresponding to each colored light component. The illumination light 
scanning device scans the illumination light divided into respective colored light components 
so that the projected positions of the images formed by the image re-forming device are 
almost the same when the images of the display elements corresponding to the respective 
colored light components are projected so as to be overlapped. 

[0027] According to such a structure, it is possible to display images in full color as 
in the above-mentioned structure, and thereby easily reduce the slowness of dynamic images. 
Also, since the illumination light scanning device is arranged in each colored light 
component, it is possible to optimize the position and the material of the illumination light 
scanning device and the coating of the surface of the illumination light scanning device in 
each colored light component, with consideration to the deviation in image forming states 
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dependent on the wavelengths of the respective colored light components. Furthermore, since 
at least one colored light component of the illumination light divided into respective colored 
light components is divided into two or more colored light components after passing through 
the illumination light scanning device, only one illumination light scanning device is provided 
in the colored light component divided after passing through the illumination light scanning 
device. Therefore, it is possible to design an optical system in which the number of 
illumination light scanning devices is as small as possible, with consideration to the deviation 
in image forming states and dependent on the wavelengths of the respective colored light 
components by arranging the illumination light scanning means in each colored light 
component. 

[0028] According to an aspect of the projector of the present invention, the 
distances from the light source to the display elements corresponding to the respective 
colored light components are almost the same for each colored light component. 

[0029] According to such a structure, since the distances from the light sources to 
the display elements corresponding to the respective colored light components are almost the 
same for each colored light component, it is possible to irradiate illumination light divided 
into respective colored light components onto some pixels of the respective display elements 
with illumination regions of the same size. Also, since the characteristics of the image re- 
forming device corresponding to the respective colored light components are similar, some 
parts of the image re-forming device may be shared. As a result, it is possible to reduce the 
number of parts by sharing some parts of the image re-formingdevice. It is also possible to 
correct the deviation in image forming states dependent on the wavelengths of the respective 
colored light components in each colored light component by using the parts of the image re- 
forming device of the respective colored light components that are not shared. Furthermore, 
it is possible to easily design the image re-forming device in this case compared with a case 
where the distance from the light sources to the display elements corresponding to the 
respective colored light component are different from each other in each colored light 
component. Therefore, it is possible to correctly irradiate illumination light onto some pixels 
of the respective display elements, and thereby easily reduce the slowness of dynamic images. 

[0030] According to an aspect of the projector of the present invention, the 
distances from the light source to the positions of the images of the respective colored light 
components formed by the image forming device are almost the same for each colored light 
component. 
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[0031] According to such a structure, since the distances from the light sources to 
the positions of the images of the respective colored light components, which are formed by 
the image forming device are almost the same for each colored light component, it is possible 
to form images of the respective colored light components of the same size in a structure 
where illumination light is divided into a plurality of colored light components between the 
light sources and the illumination light scanning device. Therefore, when the images are 
finally formed on the display elements corresponding to the respective colored light 
components by the image re-forming device, it is possible to correctly irradiate illumination 
light onto some pixels of the respective display elements, and thereby easily enhance the 
utilization efficiency of light and reduce the slowness of dynamic images. 

[0032] According to an aspect of the projector of the present invention, the 
distances from the positions of the images of the respective colored light components, which 
are formed by the image forming device, to the display elements corresponding to the 
respective colored light components are almost the same for each colored light component. 

[0033] According to such a structure, since the distances from the positions of the 
images of the respective colored light components formed by the image forming device, to the 
display elements corresponding to the respective colored light component are almost the same 
for each colored light component, it is possible to correctly irradiate illumination light onto 
some pixels of the respective display elements in a structure where the illumination light is 
divided into a plurality of colored light components between the light sources and the 
illumination light scanning device and thereby easily enhance the utilization efficiency of 
light and reduce the slowness of dynamic images. Also, since the characteristics of the image 
re-forming device are similar, some parts of the image re-forming device may be shared. As a 
result, it is possible to reduce the number of parts by sharing some parts of the image re- 
forming device. It is possible to correct the deviation in image forming states dependent on 
the wavelengths of the respective colored light components in each colored light component 
by using the parts of the image re-forming device of the respective colored light components 
that are not shared. 

[0034] Since the display device and the projector according to an aspect of the 
present invention include an irradiation optical system to irradiate the illumination light onto 
some pixels of the display element, and illumination light scanning device to scan the 
illumination light irradiated by the irradiation optical system, illumination light is not 
instantaneously irradiated onto only some pixels of the display element by the irradiation 
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optical system. However, the illumination light scanning device irradiates the illumination 
light in a certain range of time. Therefore, it is possible to irradiate illumination light having 
a uniform illumination distribution onto all of the pixels of the display element. As a result, 
human eyes can sense the images displayed on the entire display element. At this time, when 
attention is paid to some pixels, illumination light sometimes reaches the pixels and 
sometimes does not reach the pixels. Therefore, the phenomenon known as "intermittent 
display" occurs. As a result, even when the hold type display element to display light having 
a brightness required to display an image on every pixel for a predetermined time or a time 
integration type display element to modulate illumination light irradiated for a predetermined 
time every time and displaying the illumination light on every pixel is used, it is possible to 
intermittently display images according to the structure of an aspect the present invention. 
Therefore, it is possible to reduce the slowness of dynamic images caused by the display 
element by simply displaying continuous images, and to enhance the quality of dynamic 
images. Also, since it is not necessary to intermittently turn light sources on and off, and to 
arrange a plurality of light sources in a plane for uniform illumination, limitations on the light 
sources are small. 

[0035] Furthermore, the irradiation optical system includes an image forming device 
to condense illumination light emitted from the light sources, thereby forming an image and 
an image re-forming device to form the image formed by the image forming device on the 
display element. Illumination light irradiated onto the display element is irradiated onto the 
display element by at least the image forming device and the image re-forming device. 
Therefore, if only an image in which the illumination light can be irradiated onto specific 
pixels by such an illumination optical system is formed, it is possible to effectively irradiate 
illumination light onto specific pixels without limiting the illumination light by the light- 
shielding member and thereby to reduce the loss of light and to use partial light components 
from the light sources. Therefore, it is possible to realize a display device and a projector 
capable of enhancing the utilization efficiency of light. 

[0036] Furthermore, in an aspect of the present invention, the distances from the 
light sources to the optical parts are almost the same for each colored light component in the 
projector where illumination light is divided into two or more colored light components. 
Therefore, it is possible to realize a structure in which the respective colored light 
components are correctly irradiated onto the display elements when the illumination region 
are the same size and the scanning directions of the respective colored light components are 
the same. As a result, it is possible to enhance the quality of dynamic images and the 
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utilization efficiency of light and to display images in full color. Also, it is possible to share 
optical parts, and thereby reduce the number of parts by making the distances from the light 
sources to the optical parts almost the same for each colored light component in a projector 
where illumination light is divided into two or more colored light components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Fig. 1 is a schematic of a display device according to the first exemplary 
embodiment of the present invention; 

[0038] Figs. 2(a)-2(d) are schematics of the operation of a rotating prism in detail; 

[0039] Figs. 3(a)-3(e) are schematics of the scanning of illumination light to the 
inside of an image formation region by the rotation of the rotating prism; 

[0040] Fig. 4 is a schematic of a projector according to a modification of the first 
exemplary embodiment of the present invention; 

[0041] Fig. 5 is a schematic of a projector according to the second exemplary 
embodiment of the present invention; 

[0042] Fig. 6 is a perspective view of a projector according to the third exemplary 
embodiment of the present invention; 

[0043] Figs. 7(a) and 7(b) are sectional views of the projector according to the third 
exemplary embodiment of the present invention; 

[0044] Figs. 8(a) and 8(b) are sectional views of a modification of a third exemplary 
embodiment of the present invention; 

[0045] Fig. 9 is a schematic of a projector according to the fourth exemplary 
embodiment of the present invention; 

[0046] Fig. 10 is a schematic of a projector according to the fifth exemplary 
embodiment of the present invention; 

[0047] Fig. 1 1 is a schematic of a projector according to the sixth exemplary 
embodiment of the present invention; 

[0048] Fig. 12 is a schematic of a display device according to the seventh exemplary 
embodiment of the present invention; and 

[0049] Fig. 13 is a schematic of a display device according to the eighth exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0050] The present invention will now be explained in detail with reference to the 
figures. The present invention is not limited to the exemplary embodiments thereof. 
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First Exemplary Embodiment 

[0051] Fig. 1 illustrates a display device according to the first exemplary 
embodiment of the present invention. A display device 100 includes a light source lamp 110 
(a light source), fly eye lenses 121 and 122, a superposing lens 123, a collimating lens 124 
(image formingdevice), a rotating prism 130 (illumination light scanningdevice), image re- 
forming lenses 141, 142, and 143 (image re-forming means), and a liquid crystal light valve 
150 (a display element). 

[0052] The respective parts will be described in detail. The light source lamp 110 
includes a lamp 111 that serves as a light source and a concave mirror 1 12. The lamp 111 
includes, for example, a discharge lamp, such as a high-pressure mercury lamp. Further, the 
concave mirror 112 includes a parabolic mirror. Moreover, the structures of the lamp 111 and 
the concave mirror 1 12 are not limited thereto and can be appropriately modified. 
Furthermore, it is not necessary to intermittently turn on and off the lamps that serve as light 
sources and to arrange a plurality of lamps in a plane for uniform illumination. 

[0053] In the light source lamp 110, the lamp 111 emits illumination light and the 
concave mirror 112 reflects the illumination light to the fly eye lenses 121 and 122. At this 
time, when a light source, such as a light emission diode (LED), is not diffused to all 
directions, a condensing lens is used instead of a concave mirror 1 12 to emit the illumination 
light to the fly eye lenses 121 and 122, or structures for emitting illumination light or a 
plurality of light sources are arranged in an array. The kinds, the number, and the structures 
of light sources may be appropriately modified. 

[0054] Next, the fly eye lenses 121 and 122, the superposing lens 123, and the 
collimating lens 124 that constitute the image forming device to condense illumination light 
emitted from the light sources and forming an image will now be described. The fly eye 
lenses 121 and 122 are a lens array in which micro-lenses having rectangular outlines are 
arranged in a matrix. The appearance of each micro-lens is formed such that the ratio thereof 
is exchanged with the ratio of the appearance of the image formation region (the region 
including a plurality of pixels capable of modulating illumination light) of the liquid crystal 
light valve 150 that is the display element seen from the main optical axis of the optical 
system. The appearance of the image formation region of the liquid crystal light valve 150 is 
a rectangle in which the aspect ratio is 4:3. The appearance of each micro-lens is a rectangle 
in which the aspect ratio is 4: 1 . As for the ratios of the length to the breadth, design change 
can be freely made by optical systems and the same effect can be obtained even when the 
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ratios of the length to the breadth are different from those of the present exemplary 
embodiment. Therefore, the relationship among the ratios of the length to the breadth is not 
limited thereto. 

[0055] The fly eye lens 121 divides illumination light emitted from the light sources 
into a plurality of partial light components that are condensed by the respective micro-lenses 
of the fly eye lens 122. The fly eye lens 122 makes the plurality of divided partial light 
components incident on the superposing lens 123. The superposing lens 123 condenses the 
plurality of divided partial light components through the collimating lens 124 and forms an 
image defined by the appearances of the micro-lenses of the fly eye lens 121 inside the 
rotating prism 130. In Fig. 1, the image is formed on a plane including the rotation axis of the 
rotating prism 130. Therefore, the diameter of beams of illumination light that has passed 
through the rotating prism 130 becomes very small. As a result, illumination light effectively 
passes through the rotating prism 130. The image formed by the fly eye lenses 121 and 122, 
the superposing lens 123, and the collimating lens 124 that are the image forming device may 
be around the rotating prism 130 instead of inside the rotating prism 130. The position of the 
image is not limited thereto as long as the rotating prism 130 effectively transmits light. 

[0056] Further, the rotating prism 130 will now be described in detail. When the 
rotating prism 130 rotates, the optical distances of the respective rays that constitute 
illumination light, change depending on the rotation states of the rotating prism 130. 
Therefore, the image forming position partially is displaced back and forth. As a result, when 
the whole optical system is designed, it is preferable to set the position of the image formed 
inside or around the rotating prism 130 with consideration to the rotating state, so that the 
image formed on the display element 150 is optimal. It is possible to appropriately set the 
relationship between the rotation state of the rotating prism 130 and the image forming 
position by designing the optical system based on the position of the image formed in a state 
of being rotated by 45° other than on the rotating position of the rotating prism 130 as 
illustrated in Fig. 1 . 

[0057] Next, the image re-forming lenses 141, 142, and 143 are the image re- 
forming device to form the image formed by the fly eye lenses 121 and 122, the superposing 
lens 123, and the collimating lens 124 that are the image forming device on the liquid crystal 
light valve 150 that is an display element. Since the image re-forming device are for forming 
the image formed by the image forming device on the display element, the image re-forming 
device may be combinations of curved mirrors instead of lenses. Furthermore, the number of 
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lenses or curved mirrors, the magnification and the reduction ratio of an image, and the aspect 
ratios can be appropriately modified. Also, it does not depart from the scope of the present 
invention when an image is finally formed on the display element, although the image re- 
forming device relays the image by forming the image several times. That is, the number of 
times by which an image is formed by the image re-forming device is not limited to one time. 

[0058] As mentioned above, the fly eye lenses 121 and 122, the superposing lens 
123, and the collimating lens 124 forms an image inside the rotating prism 130 by changing 
the shape or the size of beams of illumination light emitted from the light source 1 10. The 
image re-forming lenses 141, 142, and 143 re-form the image formed by the fly eye lenses 
121 and 122, the superposing lens 123, and the collimating lens 124 on the display element. 
Therefore, it is possible to irradiate illumination light emitted from the light source 110 onto 
some pixels of the liquid crystal light valve 150 by the irradiation optical system including the 
fly eye lenses 121 and 122, the superposing lens 123, and the collimating lens 124 that are the 
image forming device and the image re-forming lenses 141, 142, and 143 that are the image 
re-forming device. The aspect ratio of the image formation region of the liquid crystal light 
valve 150 is 4:3, whereas the aspect ratio of the appearance of the fly eye lens 121 is 4:1. 
Therefore, it is possible to irradiate illumination light having a uniform illumination 
distribution onto the portion corresponding to 1/3 of the image formation region. Also, with 
consideration to the structure of the present exemplary embodiment, even though the region 
(the image formed by the image re-forming device) illuminated by the irradiation optical 
system is designed to be larger than the size of the image formation region in its horizontal 
direction (the direction perpendicular to the scanning direction) at any moment, it does not 
depart from the scope of an aspect of the present invention as long as the region illuminated 
by the irradiation optical system is a narrower region than the size of the image formation 
region in its vertical direction (the direction parallel to the scanning direction). 

[0059] At this time, since the rotating prism 130 is arranged as illumination light 
scanning device to scan the illumination light, illumination light passes through the rotating 
prism 130 while the optical axis thereof is shifted. Therefore, the illumination position of the 
image formation region of the liquid crystal light valve 150 changes. Also, the rotating prism 
130 including a quadratic pillar prism made of a glass material changes the refracting angle of 
the illumination light by the rotation thereof, thereby serving to scan the illumination light. 
The rotating prism 130 connected to an electron motor (not shown) rotates while the rotation 
speed thereof is controlled. 
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[0060] Fig. 2 illustrates the operation of the rotating prism 130 in detail. In Fig. 2, a 
case in which the rotating prism 130 rotates counter-clockwise about the axis thereof 
perpendicular to the sheet will be described. 

[0061] The rotation position of the rotating prism 130 illustrated in Fig. 2(a) is the 
position in which the illumination light incident from the left of the figure on the rotating 
prism 130 goes straight without being refracted and is emitted. The illumination light is 
described to be light rays parallel to the main optical axis of the optical system for the 
simplicity of description. Hereinafter, illumination light is described as rays. 

[0062] The rotation position of the rotating prism 130 illustrated in Fig. 2(b) is 
between 0° and 45° from the rotation position illustrated in Fig. 2(a) counter-clockwise. In 
this case, the illumination light incident from the left side of the figure on the rotating prism 
130 is refracted upward in the figure and is emitted from the right side of the figure. 

[0063] The rotation position of the rotating prism 130 illustrated in Fig. 2(c) is 
between 45° and 90° from the rotation position illustrated in Fig. 2(a) in the counter- 
clockwise direction. In this case, the illumination light incident from the left side of the 
figure on the rotating prism 130 is refracted downward in the figure and is emitted from the 
right side of the figure. 

[0064] The rotation position of the rotating prism 130 illustrated in Fig. 2(d) is 90° 
from the rotation position illustrated in Fig. 2(a) in the counter-clockwise direction. In this 
case, the illumination light incident from the left side of the figure on the rotating prism 130 
is straightened, without being refracted, and is emitted as illustrated in Fig. 2(a). 

[0065] Therefore, as illustrated in Fig. 2, illumination light passes through the 
rotating prism 130, while the optical axis thereof is shifted in parallel in accordance with the 
relationship between the rotation of the rotating prism 130 and the refractive index. Referring 
back to Fig. 1, illumination light that has passed through the rotating prism 130 is incident on 
the liquid crystal light valve 150 that is the display element through the image re-forming 
lenses 141, 142, and 143. At this time, since illumination light passes through the rotating 
prism 130, the illumination light is irradiated while being scanned inside the image formation 
region of the liquid crystal light valve 150. 

[0066] Fig. 3 illustrates the scanning of the illumination light inside the image 
formation region of the liquid crystal light valve 150 by the rotation of the rotating prism 130. 
The illumination light irradiation regions illustrated in Figs. 3(a) to 3(d) correspond to the 
rotation positions of the rotating prism 130, which are illustrated in Figs. 2(a) to 2(d). Since 
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the image re-forming lenses 141, 142, and 143 are arranged between the rotating prism 130 
and the liquid crystal light valve 150, the scanning direction of Fig. 3 is inversed to the 
scanning direction of Fig. 2. Fig. 3(e) illustrates the illumination state integrated for a certain 
period of time when illumination light is continuously and repeatedly irradiated onto the 
inside of the image formation region of the liquid crystal light valve 150 illustrated in Figs. 
3(a) to 3(d). 

[0067] As illustrated in Fig. 3(a), illumination light that has passed through the 
rotating prism 130 in the rotation position of Fig. 2(a) is irradiated onto some pixels of the 
liquid crystal light valve 150. Specifically, the portion corresponding to 1/3 of the image 
formation region in the center of the image formation region. When the rotating prism 130 
rotates as illustrated in Figs. 2(a) and 2(b), the irradiation region is transited so that the 
illumination light starts to be irradiated from the center of the image formation region of the 
liquid crystal light valve 150, as illustrated in Figs. 3(a) to 3(b). Furthermore, when the 
rotating prism 130 rotates, as illustrated in Figs. 2(b) to 2(c), the irradiation region is transited 
so that the illumination light starts to be irradiated from the upper end of the image formation 
region of the liquid crystal light valve 150, as illustrated in Figs. 3(b) to 3(c). When the 
rotating prism 130 rotates, as illustrated in Figs. 2(c) to 2(d), and as illustrated in Figs. 3(c) to 
3(d), the irradiation region is transited from the upper end to the center of the image 
formation region of the liquid crystal light valve 150. The direction in which electric signals 
that are the image data of the liquid crystal light valve 150 are written, may correspond to the 
direction to which illumination light is scanned. The period in which the electric signals that 
are the image data is written down is may almost be the same as the scanning period of 
scanning. The illumination light is may be irradiated after enough image data are written in 
the respective pixels. 

[0068] Therefore, when the illumination region is integrated for a certain period of 
time as illumination light is repeatedly scanned to the inside of the image formation region of 
the liquid crystal light valve 150 at high speed, as illustrated in Fig. 3(e), it is possible to 
irradiate illumination light having a uniform illumination distribution onto the inside of the 
image formation region. When attention is paid to some pixels in the image formation 
region, the illumination light sometimes reaches the pixels and sometimes does not reach the 
pixels. Therefore, the phenomenon known as "intermittent display' 1 occurs. As a result, since 
it is possible to intermittently display images, even though a hold type display element using 
liquid crystal is adopted, it is possible to reduce the slowness of dynamic images caused by 
the hold type display element by simply displaying continuous images, and thereby to 
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enhance the quality of dynamic images. The size of the illumination region in the image 
formation region (the size of the image formed by the image re-forming device) is not limited 
to the above and can be appropriately modified. However, it is preferably as narrow as 
possible in a range where the entire image formation region is illuminated by scanning. This 
is because it is possible to further reduce the slowness of dynamic images since it is possible 
to more intermittently display the images. Specifically, the area of the illumination region is 
preferably no more than 1/2 of the area of the image formation region. With consideration to 
the structure of the present exemplary embodiment, even though the illumination light is 
irradiated onto the position that exceeds the length in the longitudinal direction of the image 
formation region by scanning the illumination light, it does not depart from the scope of an 
aspect of the present invention as long as illumination light is scanned in the image formation 
region. 

[0069] Referring back to Fig. 1, the liquid crystal light valve 150 has a structure in 
which polarizers are included in front of and behind the liquid crystal light valve 150 and red, 
green, and blue color filters are regularly arranged in each of a plurality of pixels that form the 
image formation region of the liquid crystal light valve 150. Therefore, when illumination 
light incident on the image formation region of the liquid crystal light valve 150 is modulated 
in each pixel based on electric signals that become the image data, an image is finally 
displayed on the liquid crystal light valve 150 in full color. 

[0070] According to the present exemplary embodiment, the image displayed on the 
liquid crystal light valve 150 may be projected to a screen (not shown) by arranging a 
projection lens 160 (projection device) having almost the same structure as that of the display 
device 100 of the projector 101 illustrated in Fig. 4. The image may be projected from the 
front or rear surface of the screen. Curved mirrors rather than the projection lenses 150 may 
be used as the projection device. 

[0071] As mentioned above, the display device 100 or the projector 101 includes 
the light source to emit illumination light, a liquid crystal light valve 150 having the plurality 
of pixels capable of modulating the illumination light, a irradiation optical system to irradiate 
illumination light emitted from the light source onto some pixels of the liquid crystal light 
valve 150, and a rotating prism 130 to scan the illumination light irradiated by the irradiation 
optical system. The irradiation optical system includes fly eye lenses 121 and 122, a 
superposing lens 123 and a collimating lens 124 as the image forming device to condense 
illumination light emitted from the light source, thereby forming an image, and image re- 
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forming lenses 141, 142, and 143 as the image re-forming device to form the image formed 
by the image forming device on the liquid crystal light valve. Only a part of the image 
formation region of the liquid crystal light valve is instantaneously illuminated by the 
irradiation optical system with a uniform illumination distribution. However, since the 
illumination light irradiation device scans the illumination light inside the image formation 
region for a certain range of time, the illumination light having a uniform illumination 
distribution is irradiated onto the entire image formation region. Therefore, human eyes can 
sense the image. When attention is paid to some pixels of the image formation region, 
illumination light sometimes reaches the pixels and sometimes does not reach the pixels. 
Therefore, the phenomenon known as the intermittent display may occur. As a result, even 
when a hold type display element using liquid crystal is used, it is possible to intermittently 
display images. Therefore, it is possible to reduce the slowness of dynamic images caused by 
the hold type display element by simply displaying continuous images, and thereby to 
enhance the quality of dynamic images. 

[0072] Also, since it is not necessary to intermittently turn the light sources on and 
off and to arrange the plurality of light sources in a plane for uniform illumination, limitations 
on the light sources are small. Furthermore, since the image formed by condensing 
illumination light emitted from the light sources is formed on the display element by the 
image re-forming device in the irradiation optical system, it is possible to effectively irradiate 
illumination light emitted from the light sources onto specific pixels and thereby to reduce the 
loss of light. As a result, it is possible to use almost all of the light components emitted from 
the light sources. 

[0073] Therefore, it is possible to provide a display device and a projector capable 
of enhancing the quality of dynamic images, reducing limitations on the light sources, 
enhancing the utilization efficiency of light, and displaying images in full color. According to 
the present exemplary embodiment, fly eye lenses 121 and 122, a superposing lens 123, and a 
collimating lens 124 are used as the image forming device. An image forming lens that forms 
the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and the 
collimating lens 124 may be used as the image forming device. Therefore, it does not depart 
from the scope of an aspect of the present invention when an image is formed on some pixels 
of the display element by the image re-forming device to form the image formed by the fly 
eye lenses 121 and 122, the superposing lens 123, the collimating lens 124, and the image 
forming lens on the display element. That is, the number of times by which the image is 
formed by the image forming device is not limited to one time. 


19 

Second Exemplary Embodiment 

[0074] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiment are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 

[0075] Fig. 5 illustrates a projector according to the second exemplary embodiment 
of the present invention. A projector 201 includes a light source lamp 1 10, fly eye lenses 121 
and 122, a superposing lens 123, a collimating lens 124, a rotating prism 130, a color dividing 
dichroic prism 271, reflecting mirrors 281R, 282R, 281B, and 282B, image re-forming lenses 
241R, 242R, 243R, 241G, 242G, 243G, 241B, 242B, and 243B, liquid crystal light valves 
250R, 250G, and 250B, a color synthesizing dichroic prism 272, and a projection lens 260. 

[0076] For the simplicity of description, the components of illumination light 
emitted from the light sources are displayed by respective divided colored light components. 
The respective colored light components are illustrated in Fig. 5 as rays parallel to the main 
optical axis of the optical system. The distance from the light source 1 10 to the rotating 
prism 130 in Fig. 5 is the same as that in Fig. 1. However, Fig. 5 is obtained by rotating Fig. 
1 by 90° using the main optical axis of the optical system as a rotation axis. 

[0077] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 121 and 122 and the superposing lens 123. The superposing lens 
123 condenses a plurality of divided partial light components and forms the image defined by 
the appearance of the micro-lens of the fly eye lens 121 through the collimating lens 124 
inside the rotating prism 130. Meanwhile the aspect ratio of the image formation regions of 
the liquid crystal light valves 250R, 250G, and 250B is 4:3. The aspect ratio of the 
appearance of each micro-lens is 4:1. 

[0078] Illumination light that has passed through the rotating prism 130 is incident 
on the color dividing dichroic prism 271. The color dividing dichroic prim 271 including of 
four triangular prisms bonded to each other, forms an optical multi-layered film to reflect red 
colored light to the surface on which the triangular prisms are bonded, thereby transmitting 
green colored light, and an optical multi-layered film to reflect blue colored light, thereby 
transmitting green colored light, divides incident illumination light into red colored light, 
green colored light, and blue colored light, and separately emits respective colored light 
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components in three directions. Therefore, illumination light incident on the color dividing 
dichroic prism 271 is divided into red colored light 290R, green colored light 290G, and blue 
colored light 290B. Therefore, illumination light emitted from the light source 1 10 is divided 
into two or more colored light components after passing through the rotating prism that is the 
illumination scanning device. 

[0079] Moreover, optical parts with the same color dividing function may be used 
as the color dividing dichroic prism in which two glass plates having the same optical multi- 
layered films cross each other. 

[0080] First, red colored light 290R is guided to the liquid crystal light valve 250R 
by reflecting mirrors 28 1R, and 282R and image re-forming lenses 24 1R, 242R, and 243R. 
At this time, the image re-forming lenses 24 1R, 242R, and 243R form the image formed by 
the fly eye lenses 121 and 122, the superposing lens 123, and the collimating lens 124 that are 
the image forming device on the liquid crystal light valve 250R that is the display element. 

[0081] Green colored light 290G is guided to the liquid crystal light valve 250G by 
the image re-forming lenses 24 1G, 242G, and 243 G. At this time, the image re-forming 
lenses 241G, 242G, and 243G form the image formed by the fly eye lenses 121 and 122, the 
superposing lens 123, and the collimating lens 124 that are the image forming device on the 
liquid crystal light valve 250G that is the display element. 

[0082] Blue colored light 290B is guided to the liquid crystal light valve 250B by 
the reflecting mirrors 28 IB and 282B and the image re-forming lenses 24 IB, 242B, and 
243B. At this time, the image re-forming lenses 241B, 242B, and 243B form the image 
formed by the fly eye lenses 121 and 122, the superposing lens 123, and the collimating lens 
124 that are the image forming device on the liquid crystal light valve 250B that is the display 
element. 

[0083] Therefore, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of each of the liquid crystal light valves 250R, 250G, and 250B. Since the rotating prism 130 
as illumination light scanning device is arranged, illumination light passes through the 
rotating prism while the optical axis thereof is shifted in accordance with the relationship 
between the rotation of the rotating prism and the refractive index. Therefore, the respective 
divided colored light components are uniformly irradiated onto all of the image formation 
regions while scanning all of the image formation regions of the respective liquid crystal light 
valves 250R, 250G, and 250B. As a result, it is possible to irradiate illumination light having 
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a uniform illumination distribution onto the image formation regions by integrating the 
illumination region for a certain period of time as illumination light is repeatedly scanned to 
the image formation regions of the liquid crystal light valves 250R, 250G, and 250B at high 
speed. When attention is paid to some of the image formation regions, the illumination light 
sometimes reaches the parts and sometimes does not reach the parts. Therefore, the 
phenomenon known as the "intermittent turning-on" occurs. 

[0084] Referring back to Fig. 5, the respective colored illumination light 
components incident on the image formation regions of the liquid crystal light valves 250R, 
250G, and 250B are modulated based on electric signals in the image formation regions of the 
liquid crystal light valves 250R, 250G, and 250B and are guided to the projection lens by the 
color synthesizing dichroic prism 272. Further, the dichroic prism 272, including of four 
triangular prisms bonded to each other, forms an optical multi-layered film to reflect red 
colored light to the surface to which the four triangular prisms are bonded, thereby 
transmitting the green colored light and an optical multi-layered film to reflect the blue 
colored light, thereby transmitting green colored light, synthesizes the red colored light, the 
green colored light, and the blue colored light separately incident from three directions, and 
emits the synthesized light to the projection lens 260. Each of the liquid crystal light valves 
250R, 250G, and 250B has a structure in which two polarizers are arranged in front of and 
behind the liquid crystal light valve. However, the red, green, and blue color filters are not 
arranged in each pixel as in the first exemplary embodiment. 

[0085] Illumination light incident on the projection lens is projected to a screen (not 
shown), thereby displaying an image to the screen. At this time, since the images of the 
liquid crystal light valves 250R, 250G, and 250B to modulate red colored light, green colored 
light, and blue colored light overlap on the screen, it is possible to display the images in full 
color. In the images projected to the screen, the positions of the images corresponding to the 
respective colored light components, which are formed by a group of image re-forming 
lenses, are the same. That is, when the image formed by the image re-forming lens is formed 
in the center of the image formation region of the liquid crystal light valve 250R at any 
moment, an image formed by the image re-forming lenses is also formed in the center of the 
image formation region of the liquid crystal light valve 250G or the liquid crystal light valve 
250B. The scanning directions or speed of the images corresponding to the respective 
colored light components are the same. 
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[0086] As mentioned above, according to the second exemplary embodiment, the 
projector 201 includes the light source to emit illumination light, the liquid crystal light 
valves 250R, 250G, and 250B having a plurality of pixels to modulate the illumination light, 
an irradiation optical system to irradiate illumination light emitted from the light source onto 
some pixels of the liquid crystal light valves 250R, 250G, and 250B, and the rotating prism 
130 to scan the illumination light irradiated by the irradiation optical system. The irradiation 
optical system includes fly eye lenses 121 and 122, a superposing lens 123, and a collimating 
lens 124 as the image forming device to condense illumination light emitted from the light 
source, thereby forming an image, and image re-forming lenses 241R, 242R, 243R, 241 G, 
242G, 243G, 24 IB, 242B, and 243B as the image re-forming device to form the image 
formed by the image forming device on the liquid crystal light valves. As a result, it is 
possible to realize a projector capable of enhancing the quality of dynamic images, of 
reducing limitations on the light sources, of enhancing the utilization efficiency of light, and 
of displaying images in full color without using color filters. 

[0087] Furthermore, the illumination light is divided into two or more colored light 
components after passing through the rotating prism 130 that is the illumination light 
scanning device. The image re-forming lens arranged in each colored light component forms 
the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and the 
collimating lens 124 that are the image forming device on the liquid crystal light valves 250R, 
250G, and 250B corresponding to the respective colored light components. Therefore, it is 
possible to surely irradiate illumination light onto some pixels of each liquid crystal light 
valve by the image re-forming lens arranged in each colored light component although the 
distances from the light sources to the liquid crystal light valves corresponding to the 
respective colored light components are different from each other. As a result, it is possible 
to reduce the slowness of dynamic images and to enhance the utilization efficiency of light. 
Third Exemplary Embodiment 

[0088] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 
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[0089] Fig. 6 is a perspective view of a projector according to the third exemplary 
embodiment of the present invention. The projector 301 includes a light source lamp 1 10, fly 
eye lenses 121 and 122, a superposing lens 123, a collimating lens 124, a rotating prism 130, 
a color dividing dichroic prism 271, reflecting mirrors 381R, 382R, 381G, 382G, 381B, and 
382B, image re-forming lenses 341, 342R, 343R, 342G, 343G, 342B, and 343B, liquid crystal 
light valves 250R, 250G, and 250B, a color synthesizing dichroic prism 272, and a projection 
lens 260. 

[0090] The third exemplary embodiment is different from the second exemplary 
embodiment in that the axis on which the color dividing surfaces of the color dividing 
dichroic prism 271 cross each other overlaps the axis on which the color synthesizing 
surfaces of the color synthesizing dichroic prism 272 cross each other, so that the two axes 
are arranged on the same axis. Also, some parts of the image re-forming lenses arranged in 
the respective colored light components are shared. 

[0091] The structure of the projector will now be described in detail with reference 
to Fig. 7. Fig. 7(a) is a sectional view of the projector 301, which is taken along the plane 
including the plane A in Fig. 6. Fig. 7(b) is a sectional view of the projector 301, which is 
taken along the plane including the plane B in Fig. 6. 

[0092] For the simplicity of description, the components of illumination light 
emitted from the light sources are displayed by respective divided colored light components. 
The respective colored light components are described in Fig. 7 as rays parallel to the main 
optical axis of the optical system. 

[0093] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 121 and 122 and the superposing lens 123. The superposing lens 
123 condenses a plurality of divided partial light components and forms the image defined by 
the appearance of the micro-lens of the fly eye lens 121 through the collimating lens 124 
inside the rotating prism 130. Meanwhile the aspect ratio of the image formation regions of 
the liquid crystal light valves 250R, 250G, and 250B is 4:3, the aspect ratio of the appearance 
of each micro-lens is 4:1. 

[0094] Illumination light that has passed through the rotating prism 130 is incident 
on the color dividing dichroic prism 271 via the image re-forming lens 341 . Illumination 
light incident on the color dividing dichroic prism 271 is divided into red colored light 390R, 
green colored light 390G, and blue colored light 390B. 
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[0095] Red colored light 390R is guided to the liquid crystal light valve 250R by the 
reflecting mirrors 38 1R and 382R and the image re-forming lenses 342R and 343R on a 
roughly U-shaped optical path. At this time, the image re-forming lenses 341, 342R, and 
343R form the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and 
the collimating lens 124 that are the image forming device on the liquid crystal light valve 
25 OR that is the display element. 

[0096] Green colored light 390G is guided to the liquid crystal light valve 250G by 
the reflecting mirrors 38 1G and 382G and the image re-forming lenses 342G and 343G on the 
roughly U-shaped optical path. At this time, the image re-forming lenses 341, 342 G, and 
343G form the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and 
the collimating lens 124 that are the image forming device on the liquid crystal light valve 
25 0G that is the display element. 

[0097] Blue colored light 390B is guided to the liquid crystal light valve 250B by 
the reflecting mirrors 38 IB and 382B and the image re-forming lenses 342B and 343B on the 
roughly U-shaped optical path. At this time, the image re-forming lenses 341, 342B, and 
343B form the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and 
the collimating lens 124 that are the image forming device on the liquid crystal light valve 
250B that is the display element. 

[0098] Therefore, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of each of the liquid crystal light valves 250R, 250G, and 250B. Since a rotating prism 130 is 
arranged as illumination light irradiating device, illumination light passes through the rotating 
prism while the optical axis thereof is shifted in accordance with the relationship between the 
rotation of the rotating prism and the refractive index. Therefore, the respective divided 
colored light components are uniformly irradiated onto all of the image formation regions 
while scanning all of the image formation regions of the liquid crystal light valves 250R, 
250G, and 250B. As a result, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the image formation regions by integrating the illumination 
region for a certain period of time as illumination light is repeatedly scanned to the image 
formation regions of the liquid crystal light valves 250R, 250G, and 250B at high speed. 
When attention is paid to some of the image formation regions, the illumination light 
sometimes reaches the parts or sometimes does not reach the parts. Therefore, the 
phenomenon known as "intermittent turning-on" occurs. 
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[0099] Referring back to Fig. 7, the respective colored illumination light 
components incident on the image formation regions of the liquid crystal light valves 250R, 
250G, and 250B are modulated in the image formation regions of the liquid crystal light 
valves 250R, 250G, and 250B based on electric signals and are guided to the projection lens 
by the color synthesizing dichroic prism 282. 

[0100] Illumination light incident on the projection lens 260 is projected to a screen 
(not shown) thereby to display an image on the screen. At this time, since the images of the 
liquid crystal light valves 250R, 250G, and 250B to modulate red colored light, green colored 
light, and blue colored light overlap on the screen, it is possible to display the images in full 
color. In the images projected to the screen, the positions of the images corresponding to the 
respective colored light components, which are formed by a group of image re-forming 
lenses, are the same. That is, when the image formed by the image re-forming lens is formed 
in the center of the image formation region of the liquid crystal light valve 250R at any 
moment, an image formed by the image re-forming lenses is also formed in the center of the 
image formation region of the liquid crystal light valve 250G or the liquid crystal light valve 
250B. The scanning directions or speed of the images corresponding to the respective 
colored light components are the same. 

[0101] As mentioned above, according to the third exemplary embodiment, the 
projector 301 includes a light source to emit illumination light, liquid crystal light valves 
250R, 250G, and 250B having a plurality of pixels to modulate the illumination light, an 
irradiation optical system to irradiate illumination light emitted from the light source onto 
some pixels of the liquid crystal light valves 250R, 250G, and 250B, and the rotating prism 
130 to scan the illumination light irradiated by the irradiation optical system. The irradiation 
optical system includes fly eye lenses 121 and 122, a superposing lens 123, and a collimating 
lens 124 as the image forming device to condense illumination light emitted from the light 
source, thereby forming an image, and image re-forming lenses 341, 342R, 343R, 342G, 
343G, 342B, and 343B as the image re-forming device to form the image formed by the 
image forming device on the liquid crystal light valves. As a result, it is possible to realize a 
projector capable of enhancing the quality of dynamic images, of reducing limitations on the 
light sources, of enhancing the utilization efficiency of light, and of displaying images in full 
color as in the second exemplary embodiment. 

[0102] Furthermore, since the distances from the light sources to the liquid crystal 
light valves 250R, 250G, and 250B corresponding to the respective colored light components 
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or the distances from the positions of the images of the respective colored light components, 
which are formed by the image forming device, to the liquid crystal light valves 250R, 250G, 
and 25 OB are almost the same in the respective colored light components, it is possible to 
irradiate illumination light divided into respective colored light components onto some pixels 
of the respective liquid crystal light valves with illumination regions of the same size. 
Therefore, even when the image re-forming lens 341, that is a part of the image re-forming 
device is shared, it matters little because the characteristics of the image re-forming lenses of 
the respective colored light components are similar to each other. It is possible to correct the 
deviation of the image forming states dependent on the difference in the wavelengths of the 
respective colored light components in each colored light component by optimizing the image 
re-forming lenses 342R, 343R, 342G, 343G, 342B, and 343B of the respective colored light 
components that are not shared. Since the image re-forming device are easily designed, it is 
possible to correctly irradiate illumination light onto some pixels of the respective display 
elements. Therefore, it is possible to reduce the slowness of dynamic image and to enhance 
the utilization efficiency of light. 

[0103] Since the axis on which the color dividing surfaces of the color dividing 
dichroic prism 271 cross each other, and the axis on which the color synthesizing surfaces of 
the color synthesizing dichroic prism 272 cross each other, are arranged on the same axis, 
when almost the same optical parts are arranged in each colored light component, it is 
possible to make the shapes of the illumination regions of the respective colored light 
components almost the same and to make the scanning directions of the illumination light the 
same. Therefore, since optical parts to make the scanning directions the same are not 
necessary, it is possible to simply and compactly form the optical system. 

[0104] According to the present exemplary embodiment, the image re-forming lens 
341 is shared by the respective colored light components; however, it may not be shared as 
described in the second exemplary embodiment. The reflecting mirror whose optical path is 
bent may be appropriately arranged between the light source lamp 110 and the color dividing 
dichroic prism 271 so that the light source lamp 110 does not intercept the light projected 
from the projection lens 260. 

[0105] As in the projector 302 illustrated in Fig. 8, reflection type liquid crystal 
panels 351R, 351G, and 351B and polarization dividing prisms 383R, 383G, and 383B, 
having polarization dividing surfaces to selectively transmit or reflect specific polarization 
light, are arranged instead of liquid crystal light valves 250R, 250G, and 250B and reflecting 
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mirrors 382R, 382G, and 382B. It is necessary to change the magnifications and the 
arrangement of the image re-forming lenses in accordance with such a structure. 
Fourth Exemplary Embodiment 

[0106] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 

[0107] Fig. 9 illustrates a projector according to the fourth exemplary embodiment 
the present invention. A projector 401 includes a light source lamp 1 10, fly eye lenses 421 
and 422, a superposing lens 423, collimating lenses 424R, 424G, and 424B, rotating prisms 
430R, 430G, and 430B, color dividing dichroic mirrors 471 and 472, reflecting mirrors 481, 
482, 483, 484, and 485, image re-forming lenses 441R, 442R, 443R, 441G, 442G, 443G, 
441B, 442B, and 443B, liquid crystal light valves 250R, 250G, and 250B, color synthesizing 
dichroic prism 272, and a projection lens 260. 

[0108] For the simplicity of description, the components of illumination light 
emitted from the light sources are displayed by respective divided colored light components. 
The respective colored light components are described as rays parallel to the main optical axis 
of the optical system. 

[0109] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 421 and 422 and the superposing lens 423. The aspect ratio of the 
image formation region of each of the liquid crystal light valves 250R, 250G, and 250B is 
4:3. The aspect ratio of the appearance of each micro-lens in the fly eye lenses is 4:1. 

[0110] Illumination light that has passed through the superposing lens 423 is 
incident on the color dividing dichroic mirror 471 and is divided into red colored light 490R, 
green colored light 490G, and blue colored light 490B. The color dividing dichroic mirror 
471 forms an optical multi-layered film to reflect red colored light and transmitting green 
colored light and blue colored light, and divides incident illumination light into red colored 
light and green colored light, and blue colored light. 

[0111] Red colored light is reflected by the reflecting mirrors 481 and 482 and is 
incident on the rotating prism 43 OR through the collimating lens 424R. 
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[0112] Green colored light and blue colored light are reflected by the reflecting 
mirror 483, are incident on the color dividing dichroic mirror 472, and are divided into green 
colored light and blue colored light. The color dividing dichroic mirror 472 forms an optical 
multi-layered film to reflect the green colored light and transmitting the blue colored light and 
divides incident illumination light into green colored light and blue colored light. 

[0113] Green colored light is incident on the rotating prism 430G through the 
collimating lens 424G. Blue colored light is incident on the rotating prism 43 OB through the 
collimating lens 424B. 

[0114] Therefore, the superposing lens 423 forms the image defined by the 
appearance of the micro-lens of the fly eye lens 421 on the inside of each of the rotating 
prisms 430R, 430G, and 430B. 

[01 15] Red colored light 490R that has passed through the rotating prism 43 OR is 
guided to the liquid crystal light valve 250R by the image re-forming lenses 44 1R, 442R, and 
443R and the reflecting mirror 484. At this time, the image re-forming lenses 44 1R, 442R, 
and 443R form the image formed by the fly eye lenses 421 and 422, the superposing lens 423, 
and the collimating lens 424R that are the image forming device on the liquid crystal light 
valve 250R that is the display element. 

[01 16] Green colored light 490G that has passed through the rotating prism 43 0G is 
guided to the liquid crystal light valve 250G by the image re-forming lenses 441G, 442G, and 
443G and the reflecting mirror 48 1 . At this time, the image re-forming lenses 44 1G, 442G, 
and 443G form the image formed by the fly eye lenses 421 and 422, the superposing lens 423, 
and the collimating lens 424G that are the image forming device on the liquid crystal light 
valve 250G that is the display element. 

[0117] Blue colored light 490B that has passed through the rotating prism 430B is 
guided to the liquid crystal light valve 250B by the image re-forming lenses 44 IB, 442B, and 
443B and the reflecting mirror 485. At this time, the image re-forming lenses 44 IB, 442B, 
and 443B form the image formed by the fly eye lenses 421 and 422, the superposing lens 423, 
and the collimating lens 424B that are the image forming device on the liquid crystal light 
valve 250B that is the display element. 

[0118] Therefore, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of each of the liquid crystal light valves 250R, 250G, and 250B. Since the rotating prisms 
430R, 430G, and 430B are arranged as illumination light scanning device, the illumination 
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light divided into respective colored light components passes through the rotating prism while 
the optical axis thereof is shifted in accordance with the relationship between the rotation of 
the rotating prism and the refractive index. Therefore, the respective divided colored light 
components are uniformly irradiated onto all of the image formation regions while scanning 
all of the image formation regions of the corresponding liquid crystal light valves 250R, 
250G, and 250B. As a result, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the image formation regions by integrating the illumination 
region for a certain period of time as illumination light is repeatedly scanned to the image 
formation regions of the liquid crystal light valves 250R, 250G, and 250B at high speed. 
When attention is paid to some of the image formation regions, the illumination light 
sometimes reaches the parts and sometimes does not reach the parts. Therefore, the 
phenomenon known as "intermittent turning-on n occurs. 

[0119] Moreover, the distances from the light sources to the rotating prisms 430R, 
43 0G, and 43 OB corresponding to the respective colored light components are almost the 
same for each colored light component. The optical distances from the light sources to the 
image formed by the fly eye lenses 421 and 422 and the superposing lens 423 are almost the 
same for each colored light component. As a result, it is possible to simplify the optical 
system and thereby to correctly focus light. 

[0120] Referring back to Fig. 9, the respective colored illumination light 
components incident on the image formation regions of the liquid crystal light valves 25 OR, 
250G, and 250B are modulated in the image formation regions of the liquid crystal light 
valves 250R, 250G, and 250B based on electric signals and are guided to the projection lens 
by the color synthesizing dichroic prism 282. 

[0121] Illumination light incident on the projection lens 260 is projected to a screen 
(not shown) and displays an image on the screen. At this time, since the images of the liquid 
crystal light valves 250R, 250G, and 250B to modulate red colored light, green colored light, 
and blue colored light overlap on the screen, it is possible to display images in full color. In 
the images projected to the screen, the rotation positions, the rotation speed, and the rotation 
directions of the rotating prisms 430R, 430G, and 430B are controlled so that the projected 
positions of the images corresponding to the respective colored light components, which are 
formed by a group of image re-forming lenses, are the same. That is, when the image formed 
by the image re-forming lens is formed in the center of the image formation region of the 
liquid crystal light valve 250R at any moment, an image formed by the image re-forming 
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lenses is also formed in the center of the image formation region of the liquid crystal light 
valve 250G or the liquid crystal light valve 250B. The scanning directions or speed of the 
images corresponding to the respective colored light components are the same. 

[0122] As mentioned above, according to the fourth exemplary embodiment, the 
projector 401 includes a light source to emit illumination light, liquid crystal light valves 
250R, 250G, and 250B having a plurality of pixels to modulate the illumination light, an 
irradiation optical system to irradiate illumination light emitted from the light source onto 
some pixels of the liquid crystal light valves 250R, 250G, and 250B, and rotating prisms 
430R, 430G, and 430B to scan the illumination light irradiated by the irradiation optical 
system. The irradiation optical system includes fly eye lenses 421 and 422, a superposing 
lens 423, and collimating lenses 424R, 424G, and 424B as the image forming device to 
condense illumination light emitted from the light source, thereby forming an image, and 
image re-forming lenses 441R, 442R, 443R, 441G, 442G, 443G, 441B, 442B, and 443B as 
the image re-forming device to form the image formed by the image forming device on the 
display elements. As a result, it is possible to realize a projector capable of enhancing the 
quality of dynamic images, reducing limitations on the light sources, enhancing the utilization 
efficiency of light, and displaying images in full color similar to second embodiment. 

[0123] Furthermore, in the images projected to the screen, since the positions of the 
images corresponding to the respective colored light components are almost the same, it is 
possible to obtain an optimal image capable of reducing the slowness of dynamic images and 
of reducing or preventing the flickering of colors in which colors are divided. 

[0124] Since the rotating prisms 430R, 430G, and 430B are arranged in the 
respective colored light components, it is possible to optimize the position and the material of 
the illumination light scanning device and the coating of the surface in each colored light 
component with consideration to the deviation of the image forming states dependent on the 
difference in the wavelengths of the respective colored light components. Therefore, it is 
possible to correctly irradiate illumination light onto some pixels of the respective liquid 
crystal light valves and thereby reduce the slowness of dynamic images. 

[0125] Since the distances from the light sources to the liquid crystal light valves 
250R, 250G, and 250b corresponding to the respective colored light components, the 
distances from the light sources to the positions of the images of the respective colored light 
components, which are formed by the image forming device, and the distances from the 
positions of the images of the respective colored light components, which are formed by the 
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image forming device, to the liquid crystal light valve 250R, 250G, and 250B are almost the 
same for each colored light component, it is possible to irradiate illumination light divided 
into respective colored light components onto some pixels of the respective liquid crystal 
light valves with illumination regions of the same size and to easily design the image re- 
forming device. Therefore, it is possible to correctly irradiate illumination light onto some 
pixels of the respective liquid crystal light valves and thereby reduce the slowness of dynamic 
images and the utilization efficiency of light. Since almost the same optical parts are 
arranged in each colored light component, it is possible to make the shapes of the illumination 
regions of the respective colored light components almost the same and to make the scanning 
directions of the illumination light the same. Therefore, since optical parts to make the 
scanning directions the same are not necessary, it is possible to simplify the optical system. 
Fifth Exemplary Embodiment 

[0126] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 

[0127] Fig. 10 illustrates a projector according to the fifth exemplary embodiment 
of the present invention. A projector 501 includes a light source lamp 1 10, fly eye lenses 521 
and 522, superposing lens 523, collimating lenses 524R and 524, rotating prisms 530R and 
530, color dividing dichroic mirrors 471 and 472, reflecting mirrors 481, 482, 483, 484, and 
485, image re-forming lenses 541R, 542R, 543R, 541, 542G, 543G, 542B, and 543B, liquid 
crystal light valves 250R, 250G, and 250B, a color synthesizing dichroic prism 272, and a 
projection lens 260. 

[0128] For the simplicity of description, the components of illumination light 
emitted from the light sources are displayed by respective divided colored light components. 
The respective colored light components are described as rays parallel to the main optical axis 
of the optical system. 

[0129] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 521 and 522 and the superposing lens 523. The aspect ratio of the 
image formation region of each of the liquid crystal light valves 250R, 250G, and 250B is 
4:3. The aspect ratio of the appearance of each micro-lens in the fly eye lenses is 4:1. 
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[0130] Illumination light that has passed through the superposing lens 523 is 
incident on the color dividing dichroic mirror 471 and is divided into red colored light 590R, 
green colored light 590G, and blue colored light 590B. The color dividing dichroic mirror 
471 forms an optical multi-layered film to reflect red colored light and transmitting green 
colored light and blue colored light and divides incident illumination light into red colored 
light and green colored light, and blue colored light. 

[0131] Red colored light is reflected by the reflecting mirror 48 1 and is incident on 
the rotating prism 530 through the collimating lens 524R. 

[0132] Green colored light and blue colored light are reflected by the reflecting 
mirror 483 and are incident on the rotating prism 530 through the collimating lens 524. 

[0133] Therefore, the superposing lens 523 forms the image defined by the 
appearance of the micro-lens of the fly eye lens 521 on the inside of each of the rotating 
prisms 530R and 530. 

[0134] Red colored light 590R that has passed through the rotating prism 530R is 
guided to the liquid crystal light valve 250R by the image re-forming lenses 54 1R, 542R, and 
543R and the reflecting mirrors 482 and 484. At this time, the image re-forming lenses 54 1R, 
542R, and 543R form the image formed by the fly eye lenses 521 and 522, the superposing 
lens 523, and the collimating lens 524R that are the image forming device on the liquid 
crystal light valve 250R that is the display element. 

[0135] Further, green colored light and blue colored light that have passed through 
the rotating prism 530 are incident on the color dividing dichroic mirror 472 after passing 
through the image re-forming lens 541 and are divided into green colored light 590G and blue 
colored light 590B. 

[0136] Green colored light 590G is guided to the liquid crystal light valve 250G by 
the reflecting mirror 481 and the image re-forming lenses 542G and 543G. At this time, the 
image re-forming lenses 541, 542G, and 543G form the image formed by the fly eye lenses 
521 and 522, the superposing lens 523, and the collimating lens 524 that are the image 
forming device on the liquid crystal light valve 250G that is the display element. 

[0137] Blue colored light 590B is guided to the liquid crystal light valve 250B by 
the reflecting mirror 485 and the image re-forming lenses 542B and 543B. At this time, the 
image re-forming lenses 541, 542B, and 543B form the image formed by the fly eye lenses 
521 and 522, the superposing lens 523, and the collimating lens 524 that are the image 
forming device on the liquid crystal light valve 250B that is the display element. 


33 

[0138] Therefore, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of each of the liquid crystal light valves 250R, 250G, and 250B. Since the rotating prisms 
530R and 530 are arranged as an illumination light scanning device, illumination light passes 
through the rotating prism while the optical axis thereof is shifted in accordance with the 
relationship between the rotation of the rotating prisms and the refractive index. Therefore, 
the respective divided colored light components are uniformly irradiated onto all of the image 
formation regions while scanning all of the image formation regions of the corresponding 
liquid crystal light valves 250R, 250G, and 250B. As a result, it is possible to irradiate 
illumination light having a uniform illumination distribution onto the image formation 
regions by integrating the illumination region for a certain period of time as illumination light 
is repeatedly scanned to the image formation regions of the liquid crystal light valves 250R, 
250G, and 250B at high speed. When attention is paid to some of the image formation 
regions, the illumination light sometimes reaches the parts and sometimes does not reach the 
parts. Therefore, the phenomenon known as the "intermittent turning-on" occurs. 

[0139] Moreover, the distances from the light sources to the rotating prisms 530R 
and 530 corresponding to the respective colored light components are almost the same for 
each colored light component. The optical distances from the light sources to the image 
formed by the fly eye lenses 521 and 522 and the superposing lens 523 are almost the same 
for each colored light component. As a result, it is possible to simplify the optical system and 
thereby to correctly focus light. 

[0140] Referring back to Fig. 10, the respective colored illumination light 
components incident on the image formation regions of the liquid crystal light valves 250R, 
250G, and 250B are modulated in the image formation regions of the liquid crystal light 
valves 250R, 250G, and 250B based on electric signals and are guided to the projection lens 
by the color synthesizing dichroic prism 282. 

[0141] Illumination light incident on the projection lens 260 is projected to a screen 
(not shown) and displays an image on the screen. At this time, since the images of the liquid 
crystal light valves 250R, 250G, and 250B to modulate red colored light, green colored light, 
and blue colored light overlap on the screen, it is possible to display images in full color. In 
the images projected to the screen, the rotation positions, the rotation speed, and the rotation 
directions of the rotating prisms 5 3 OR and 530 are controlled so that the projected positions 
of the images corresponding to the respective colored light components, which are formed by 
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a group of image re-forming lenses are the same. That is, when the image formed by the 
image re-forming lens is formed in the center of the image formation region of the liquid 
crystal light valve 250R at any moment, an image formed by the image re-forming lenses is 
also formed in the center of the image formation region of the liquid crystal light valve 250G 
or the liquid crystal light valve 250B. The scanning directions or speed of the images 
corresponding to the respective colored light components are the same. 

[0142] As mentioned above, according to the fifth exemplary embodiment, the 
projector 501 includes a light source to emit illumination light, liquid crystal light valves 
250R, 250G, and 250B having a plurality of pixels to modulate the illumination light, an 
irradiation optical system to irradiate illumination light emitted from the light source onto 
some pixels of the liquid crystal light valves 250R, 250G, and 250B, and rotating prisms 
530R and 530 to scan the illumination light irradiated by the irradiation optical system. The 
irradiation optical system includes fly eye lenses 521 and 522, a superposing lens 523, and 
collimating lenses 524R and 524 as the image forming device to condense illumination light 
emitted from the light source, thereby forming an image, and image re-forming lenses 54 1R, 
542R, 543R, 541, 542G, 543G, 542B, and 543B as the image re-forming device to form the 
image formed by the image forming device on the liquid crystal light valves. As a result, it is 
possible to realize a projector capable of enhancing the quality of dynamic images, of 
reducing limitations on the light sources, of enhancing the utilization efficiency of light, and 
of displaying images in full color as described in the second exemplary embodiment. 

[0143] Furthermore, in the images projected to the screen, since the positions of the 
images corresponding to the respective colored light components are almost the same, it is 
possible to obtain an optimal image capable of reducing the slowness of dynamic images and 
of reducing or preventing the flickering of colors in which colors are divided. 

[0144] Since the rotating prisms 530R and 530 are arranged in the respective 
colored light components divided by the color dividing dichroic mirror 471, it is possible to 
optimize the position and the material of the illumination light scanning device and the 
coating of the surface in each colored light component with consideration to the deviation of 
the image forming states dependent on the difference in the wavelengths of the respective 
colored light components. Furthermore, since one or more illumination light components 
divided into respective colored light components are divided into two or more colored light 
components after passing through the rotating prism 530, only one prism is necessary for the 
green colored light and the blue colored light that are divided after passing through the 
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rotating prism 530. Therefore, it is possible to design the optical system such that the number 
of rotating prisms is as small as possible with consideration to the deviation of the image 
forming state dependent on the difference in the wavelengths of the respective colored light 
components, by arranging the rotating prisms 530R and 530 in each colored light component. 
That is, since it is possible to separately provide the rotating prism 530R or the image re- 
forming lenses 54 1R, 542R, and 543R to the red colored light component from other colored 
light components in this case, it is possible to first optimize the red colored light. It is 
possible to make the number of parts of the rotating prisms or the image re-forming device as 
small as possible by sharing some parts of the optical paths of the green colored light and the 
blue colored light. 

[0145] Since the distances from the light sources to the liquid crystal light valves 
250R, 250G, and 250B correspond to the respective colored light components, the distances 
from the light sources to the positions of the images of the respective colored light 
components, which are formed by the image forming device, and the distances from the 
positions of the images of the respective colored light components, which are formed by the 
image forming device, to the liquid crystal light valve 250R, 250G, and 250B, are almost the 
same for each colored light component, it is possible to irradiate illumination light divided 
into respective colored light components onto some pixels of the respective liquid crystal 
light valves with illumination regions of the same size and to easily design the image re- 
forming device. Therefore, it is possible to correctly irradiate illumination light onto some 
pixels of the respective liquid crystal light valves and thereby reduce the slowness of dynamic 
images and the utilization efficiency of light. Since almost the same optical parts are 
arranged in each colored light component, it is possible to make the shapes of the illumination 
regions of the respective colored light components almost the same and to make the scanning 
directions of the illumination light the same. Therefore, since optical parts to make the 
scanning directions the same are not necessary, it is possible to simplify the optical system. 
Sixth Exemplary Embodiment 

[0146] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 


36 

[0147] Fig. 1 1 schematically illustrates a projector according to the sixth exemplary 
embodiment of the present invention. A projector 601 includes a light source lamp 1 10, fly 
eye lenses 621 and 622, an superposing lens 623, a collimating lens 624, a rotating prism 630, 
color dividing dichroic mirrors 671 and 672, reflecting mirrors 681, 682, 683, and 684, image 
re-forming lenses 641, 642, 642R, 643R, 643G, 643B, 644B, 645B, 646B, and 647B, liquid 
crystal light valves 250R, 250G, and 250B, a color synthesizing dichroic prism 272, and a 
projection lens 260. 

[0148] For the simplicity of description, the components of illumination light 
emitted from the light sources are displayed by respective divided colored light components. 
The respective colored light components are described as rays parallel to the main optical axis 
of the optical system. 

[0149] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 621 and 622 and the superposing lens 623. The superposing lens 
623 condenses the plurality of divided partial light components and forms the image defined 
by the appearance of the micro-lens of the fly eye lens 621 on the inside of the rotating prism 
630 through the reflecting mirror 681 and the collimating lens 624. The aspect ratio of the 
image formation region of each of the liquid crystal light valves 250R, 250G, and 250B is4:3. 
The aspect ratio of the appearance of each micro-lens in the fly eye lenses is 4:1. 

[0150] Illumination light incident on the rotating prism 630 passes through the 
rotating prism 630 while the optical axis thereof is shifted in accordance with the relationship 
between the rotation of the rotating prism 630 and the refractive index. 

[0151] Next, illumination light that has passed through the rotating prism 630 is 
irradiated onto the color dividing dichroic mirror 671 that is a color dividing optical system 
after passing through the image re-forming lens 641. In the illumination light irradiated onto 
the color dividing dichroic mirror 671, the red colored light 690R is reflected by the color 
dividing dichroic mirror 671 and is irradiated onto the portion corresponding to 1/3 of the 
image formation region of the liquid crystal light valve 250R through the reflecting mirror 
682 and the image re-forming lenses 642R and 643R as illumination light having a uniform 
illumination distribution. At this time, the image re-forming lenses 641, 642R, and 643R 
form the image formed by the fly eye lenses 621 and 622, the superposing lens 623, and the 
collimating lens 624 that are the image forming device on the liquid crystal light valve 250R 
that is the display element. 
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[0152] In the illumination light irradiated onto color dividing dichroic mirror 671, 
green colored light 690G, and blue colored light 690B pass through the color dividing 
dichroic mirror 671 and are irradiated onto the color dividing dichroic mirror 672 that is the 
color dividing optical system. 

[0153] In the illumination light irradiated onto the color dividing dichroic mirror 
672, the green colored light 690G is reflected by the color dividing dichroic mirror 672, 
passes through the image re-forming lenses 642 and 643G, and is irradiated onto the portion 
corresponding to 1/3 of the image formation region of the liquid crystal light valve 250G as 
illumination light having a uniform illumination distribution. At this time, the image re- 
forming lenses 641, 642, 643G form the image formed by the fly eye lenses 621 and 622, the 
superposing lens 623, and the collimating lens 624 that are the image forming device on the 
liquid crystal light valve 250G that is the display element. 

[0154] In the illumination light irradiated onto the color dividing dichroic mirror 
672, the blue colored light 690B passes through the color dividing dichroic mirror 672 and is 
irradiated onto the portion corresponding to 1/3 of the image formation region of the liquid 
crystal light valve 653 through the reflecting mirrors 683 and 684 and the image re-forming 
lenses 642, 643B, 644B, 645B, 646B, 647B, and 648B as illumination light having a uniform 
illumination distribution. At this time, the image re-forming device 641, 642, and 643B form 
the image formed by the fly eye lenses 621 and 622, the superposing lens 623, and the 
collimating lens 624 that are the image forming device around the image re-forming lens 
643B. The image re-forming lenses 643B, 644B, and 645B form the image formed by the 
image re-forming lenses 641, 642, and 643B around the image re-forming lens 645B. 
Furthermore, the image re-forming lenses 645B, 646B, and 647B form the image formed by 
the image re-forming lenses 643B, 644B, and 645B on the liquid crystal light valve 250B. 
That is, the image re-forming lenses 641, 642, 643B, 644B, 645B, 646B, and 647B that are 
the image re-forming device form the image formed by the fly eye lenses 621 and 622, the 
superposing lens 623, and the collimating lens 624 that are the image forming device on the 
liquid crystal light valve 250B that is the display element. 

[0155] The respective colored illumination light components incident on the image 
formation regions of the liquid crystal light valves 250R, 250G, and 250B are modulated in 
the image formation regions of the liquid crystal light valves 250R, 250G, and 250B based on 
electric signals and are guided to the projection lens 260 by the color synthesizing dichroic 
prism 272 that is the color synthesizing optical system. Illumination light incident on the 
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projection lens 260 that is the projecting device is projected to a screen (not shown) and 
displays an image on the screen as image light. 

[0156] Moreover, the image re-forming lenses 643B, 644B, 645B, 646B, and 647B 
are not arranged on the optical paths of the red colored light 690R and the green colored light 
690G. Instead the image re-forming lenses 643B, 644B, 645B, 646B and 647B are arranged 
on the optical path of the blue colored light 690B in order to correct the deviation in overlaps 
in each color, which is caused by the difference in the lengths of the optical paths. That is, it 
is possible to reduce or prevent the influence caused by the difference in the optical paths by 
arranging the image re-forming lenses 643B, 644B, 645B, 646B, and 647B as a relay lens 
optical system by making an image have the same size before being incident and after being 
emitted, thereby transmitting the image on the light path of the blue colored light, and 
overlapping the respective colored illumination light components of the same state in the 
image formation regions of the corresponding liquid crystal light valves 250R, 250G, and 
250B. 

[0157] Further, the image re-forming lenses 643B, 644B, 645B, 646B, and 647B are 
the relay lens optical system to make the directions of an image the same before being 
incident and after being emitted, thereby transmitting the image. Specifically, since the relay 
lens optical system includes two sets of systems, that is, a system including the image re- 
forming lenses 643B, 644B, and 645B and a system including the image re-forming lenses 
645B, 646B, and 647B, it is possible to project illumination light so that the scanning 
directions of the image light irradiated onto a screen are the same in each color. Therefore, 
when one set of relay lens optical system is used, the direction of an image before being 
incident is inverse to the direction of an imaged after being emitted. However, since two sets 
of relay lens optical systems are used, it is possible to make the directions of an image the 
same before being incident and after being emitted. Therefore, since the scanning directions 
of an image are the same before being incident and after being emitted, it is possible to avoid 
a phenomenon in which only the blue colored light is scanned in a direction reverse to the 
directions of the red colored light and the green colored light in the image light irradiated onto 
the screen. As a result, it is possible to obtain an optimal image without the flickering of 
colors in which colors are divided. 

[0158] According to the exemplary embodiment, the relay lens optical system 
include only lenses. However, the relay lens optical system may include an optical system 
obtained by combining the curved mirrors or an optical system obtained by combining a 
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plurality of groups of relay lens optical systems without departing from the scope of the 
present invention. 

[0159] As mentioned above, according to the sixth exemplary embodiment, the 
projector 601 includes a light source to emit illumination light, liquid crystal light valves 
25 OR, 250G, and 250B having the plurality of pixels to modulate the illumination light, an 
irradiation optical system to irradiate illumination light emitted from the light source onto 
some pixels of the liquid crystal light valves 250R, 250G, and 250B, and a rotating prism 630 
to scan the illumination light irradiated by the irradiation optical system. The irradiation 
optical system includes fly eye lenses 621 and 622, a superposing lens 623, and a collimating 
lens 624 as the image forming device to condense illumination light emitted from the light 
source, thereby forming an image, and image re-forming lenses 641, 642, 642R, 643R, 643 G, 
643B, 644B, 645B, 646B, and 647B as the image re-forming device to form the image 
formed by the image forming device on the liquid crystal light valve. As a result, it is 
possible to realize a projector capable of enhancing the quality of dynamic images, of 
reducing limitations on the light sources, of enhancing the utilization efficiency of light, and 
of displaying an image in full color as in the second exemplary embodiment. 
Seventh Embodiment 

[0160] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 

[0161] Fig. 12 schematically illustrates a display device according to the seventh 
exemplary embodiment of the present invention. The display device 700 includes a light 
source lamp 110 (the light source), a condensing lens 791, a rod 792, image forming lenses 
725, 726, and 727 (image forming device), a rotating prism 730 (illumination light scanning 
device, image re-forming lenses 741, 742, and 743 (the image re-forming device, and a liquid 
crystal light valve 150 (the display element). 

[0162] In Fig. 12, the condensing lens 791 condenses illumination light emitted 
from the light source 110, and is incident from the incidence end of the quadratic pillar 
shaped rod 792 made of glass. The rod 792 emits illumination light from an emission end 
while reflecting the incident illumination light from an external wall using the full reflection 
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of an interface in the external wall. The shape of the rod 792 is not limited to the quadratic 
pillar shape as long as the rod 792 has the same function. A hollow rod whose internal 
surface is made of a reflecting film may be used as the rod 792. 

[0163] The appearance of the emission end of the rod 792 is formed so that the ratio 
thereof is exchanged with the ratio of the appearance of the image formation region of the 
liquid crystal light valve 150 that is the display element seen from the main optical axis of the 
optical system. The appearance of the image formation region of the liquid crystal light valve 
150 is a rectangle having an aspect ratio of 4:3. The appearance of the emission end of the 
rod 792 is a rectangle having an aspect ratio of 4: 1 . Since the aspect ratios can be freely 
modified by the optical system and the same effect can be obtained even when the aspect 
ratios are different from those of the present exemplary embodiments, the relationship among 
the aspect ratios is not limited thereto. 

[0164] Illumination light emitted from the rod 792 passes through the image 
forming lenses 725, 726, and 727 and is irradiated onto the rotating prism 730. At this time, 
the image forming lenses 725, 726, and 727 form the image on the emission end of the rod 
792 on the inside of the rotating prism 730. 

[0165] Illumination light incident on the rotating prism 730 passes through the 
rotating prism 730 while the optical axis thereof is shifted in accordance with the relation of 
the rotation of the rotating prism 730 and the refractive index. 

[0166] Illumination light that has passed through the rotating prism 730 passes 
through the image re-forming lenses 741, 742, and 743 and is irradiated onto the liquid crystal 
light valve 150. At this time, the image re-forming lenses 741, 742, and 743 that are the 
image re-forming device form the image formed by the condensing lens 791, the rod 792, and 
the image forming lenses 725, 726, and 727 that are the image forming device on the liquid 
crystal light valve 150 that is the display device. 

[0167] As a result, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of the liquid crystal light valve 150. Since the rotating prism 730 is arranged as an 
illumination light scanning device to scan the illumination light to the image formation 
region, illumination light passes through the rotating prism 730 while the optical axis thereof 
is shifted in accordance with the relationship between the rotation of the rotating prism 730 
and the refractive index. As a result, illumination light is irradiated while being scanned to 
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the image formation region of the liquid crystal light valve 150, as illustrated in the first 
exemplary embodiment. 

[0168] Moreover, the structure of the image forming lens or the image re-forming 
lens is not limited to a structure in which an image is formed in the ratio of 1 : 1 . The aspect 
ratio of the image may be changed. Furthermore, the shape of the emission end of the rod is 
not limited to the aspect ratio, the shape, and the size according to the present exemplary 
embodiment. 

[0169] As mentioned above, according to the seventh exemplary embodiment, it is 
possible to obtain the effect described in the first exemplary embodiment. 

[0170] Moreover, the present exemplary embodiment may be appropriately 
modified within the scope of the present invention to have structures in which the projecting 
devices are combined with each other and the illumination light is divided into two or more 
colored light components. 

[0171] Further, the rod 792 as a supplement of the present exemplary embodiment 
does not condense light, thereby forming an image, but only guides light. Therefore, in the 
modification of the present exemplary embodiment the rod 792 has the function of the image 
forming device of the present invention by combining the optical systems, such as the image 
forming lenses 725, 726, and 727. 
Eighth Exemplary Embodiment 

[0172] According to the present exemplary embodiment described hereinafter, the 
same members as those of the above-mentioned exemplary embodiments are denoted by the 
same reference numerals and the description of the same operations is omitted. In cases 
where members have the same name, although they are denoted by different reference 
numerals, they have almost the same function. Therefore, the basic description thereof is 
omitted. 

[0173] Fig. 13 illustrates a display device according to the eighth exemplary 
embodiment of the present invention. A display device 800 includes a light source lamp 1 10 
(the light source), fly eye lenses 121 and 122, superposing lens 123, a collimating lens 124 
(the image forming device), a rotating prism 130 (the illumination light scanning device), an 
image re-forming enlargement lens 848, a Frenel's lens 849 (the image re-formingdevice), a 
reflecting mirror 885, and a liquid crystal light valve 850 (the display element). 

[0174] First, illumination light emitted from the light source lamp 110 passes 
through the fly eye lenses 121 and 122 and the superposing lens 123. The superposing lens 
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123 condenses the plurality of divided partial light components and forms the image defined 
by the appearance of the micro-lens of the fly eye lens 121 through the collimating lens 124 
on the inside of the rotating prism 130. The aspect ratio of the image formation region of the 
liquid crystal light valve 850 is 4:3, whereas the aspect ratio of the appearance of each micro- 
lens is 4:1. 

[0175] Illumination light incident on the rotating prism 130 passes through the 
rotating prism 130 while the optical axis thereof is shifted in accordance with the relationship 
between the rotation of the rotating prism 130 and the refractive index. 

[0176] Illumination light that has passed through the rotating prism 130 is irradiated 
onto the liquid crystal light valve 850 through the image re-forming enlargement lens 848, the 
reflecting mirror 885, and the Frenel's lens 849. At this time, the image re-forming 
enlargement lens 848 and the Frenel's lens 849 that are the image re-forming device enlarge 
the image formed by the fly eye lenses 121 and 122, the superposing lens 123, and the 
collimating lens 124 that are the image forming device and form the enlarged image on the 
liquid crystal light valve 850 that is the display element with the image. According to the 
present exemplary embodiment, the Frenel's lens 849 converts the light emitted from the 
image re-forming enlargement lens 848 into parallel light and makes the light incident on the 
liquid crystal light valve 850. 

[0177] Therefore, it is possible to irradiate illumination light having a uniform 
illumination distribution onto the portion corresponding to 1/3 of the image formation region 
of the liquid crystal light valve 850. Since the rotating prism 830 is arranged as the 
illumination light scanning device capable of scanning illumination light to the image 
formation region, illumination light passes through the rotating prism 830 while the optical 
axis thereof is shifted in accordance with the rotation of the rotating prism 830 and the 
refractive index. As a result, illumination light is irradiated while being scanned to the image 
formation region of the liquid crystal light valve 850 similarly to the operation shown in the 
first exemplary embodiment. 

[0178] The liquid crystal light valve 850 has a structure in which polarizers are 
included in front of and behind the liquid crystal light valve 850 and red, green, and blue 
color filters are regularly arranged in each of a plurality of pixels that form the image 
formation region of the liquid crystal light valve 850. Therefore, when illumination light 
incident on the image formation region of the liquid crystal light valve 850 is modulated in 
each pixel based on electric signals that become the image data, an image is finally displayed 
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on the liquid crystal light valve 850 in full color. A large-scaled liquid crystal panel rather 
than the liquid crystal light valve according to the previously described exemplary 
embodiment is used as the liquid crystal light valve 850. However, the size of the liquid 
crystal light valve can be appropriately modified within the scope of the present invention. 

[0179] As mentioned above, according to the eighth exemplary embodiment, it is 
possible to obtain the effect similar to that of the first exemplary embodiment. 

[0180] Moreover, various exemplary embodiment of the present invention are 
described. However, when the liquid crystal is used as the display element in the present 
invention, it is possible to enhance the utilization efficiency of light by combining the optical 
elements, which is disclosed in the Japanese Unexamined Patent Application Publication No. 
8-304739, to make the polarization of light uniform. A rear surface projection type display 
device to make the image light incident from the rear surface of a screen, thereby displaying 
an image may be used as the projector according to an aspect of the present invention. 
Furthermore, the display element is not limited to a liquid crystal panel but may be, for 
example, a tilted mirror device, such as a DMD. 

[0181] The present invention is not limited to the display device and the optical 
system of the projector, which are used in the respective exemplary embodiments, but may be 
applied to other display devices and other optical systems of the projector within the scope of 
the present invention. That is, the arrangement of the color divided optical elements and the 
arrangement of the lenses may be appropriately modified within the scope of the present 
invention. The rotating prism may be a regular polygonal pillar rather than a quadratic pillar. 

[0182] Furthermore, according to an exemplary embodiment of the present 
invention, a structure in which the illumination light is color-divided is used. However, for 
example, a structure in which separate light sources to emit red, blue, and green colored light 
components and irradiation optical systems, illumination light scanning device, and display 
elements corresponding to the light sources to emit respective colored light components are 
arranged, the respective colored light components are modulated by the display elements 
corresponding to the respective colored light components, the respective colored light 
components are synthesized by a color synthesizing device, such as the color synthesizing 
dichroic prisms, and the respective colored light components are projected by a projecting 
device, such as the projection lenses as the image light, may be used. All of the display 
devices and the projectors may be included in the present invention if only the light source, 
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the irradiation optical system, the illumination light scanning device, and the display element 
are formed so as not to depart from the scope of the present invention. 
Industrial Applicability 

[0183] As described above, the display device, according to an aspect of the present 
invention, is useful in providing an image display device to display dynamic images, in 
particular, in providing a projector to project the display image of the display device. 


